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Basic data are lacking in the literature concerning the reactivities
of desensitizing dyes to Iodine, and concerning their redox potentials
while undergoing such reactions. Such information may be useful in
deciding on the mechanism of desensitization, since there is good
evidence that the halogen liberated from an Iodobromide emulsion during
photolysis is actually Iodine. Therefore, experiments were undertaken
to measure the polarographic anodic potential of the first addition product
of a series of thiacyanine dyes, if such a species existed. Also,
preliminary experiments were undertaken to determine the relative
reactivities of the dyes to molecular Iodine and Bromine while they were
adsorbed to a dilute Silver Bromide sol. Both experiments proved
unfeasable because, first, it was not possible to achieve a stable sol
for the purpose of spectrophotometry, and second, the dyes did not show
a stable, reactive intermediate. However ; basic data concerning the
relative reactivities of the dyes to Iodine and Bromine were obtained.
The dyes prove to be at least as reactive to Iodine as they are to Bromine,
and the reactivities to both halogens increased with increasing chain
length by orders of magnitude. There was no evidence of dye regeneration











The normal spectral sensitivity of the silver-halide photographic
emulsion is limited to the blue end of the visible spectrum. This property
severely limits the utility of such emulsions in the recording of other
wavelengths. In order to increase the quantum efficiency of these simple
emulsions to the longer wavelengths, sensitizing dyes are added which
absorb light in the regions of interest, and transfer this energy to the
silver halide grain to form photoelectrons.
The most widely accepted theory of this transfer process is that
the dye, which adsorbs tightly to the photographic grain, actually injects
photoelectrons into the lattice of the crystal, thereby performing the
same function as the photolytic electron-hole pair in normal Ag-X absorbtion,
This theory is supported by the recently published work of Tani
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(continuing the work of West2), wherein he has shown that photographically
active grains will take energy from an excited dye, whereas a non-
photographically active halide will not. Also, following the work of
Sheppard, he further shows that known sensitizing dyes spectrally
sensitize the photographic print-out effect, implying that the necessary
electrons are supplied by the dyes.
This theory has also been strongly supported by the work of Saunders,
Tyler, and West, wherein they graphically demonstrated that dyes actually
do inject electrons into the Ag-X crystal .
It was shown, however, that the presence of most sensitizing dyes
in an emulsion will cause an overall decrease in the sensitivity of the
grain, which is detectable in the wavelength regions where the dyes do
not absorb. This phenomenon is known as Desensitization.
All sensitizing dyes will desensitize to some degree, and, because
some very strong desensitizers can be made to perform as sensitizers
under the appropriate
conditions,6
it is impossible to classify dyes
discretely as sensitizers or desensitizers. It was demonstrated that
desensitizing dyes will affect emulsions which have not been chemically
sensitized and that the desensitizing effect is reversible upon washing
the dye out of the emulsion before exposure.7
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Luppo-Cramer
discovered that certain desensitizing dyes, when in
low concentration, cause what is known as the Capri-Blue Effect. In this
effect, the dyes will cause an increase in the surface image of
non-
chemically sensitized emulsions, but will exhibit a normal desensitizing
action for the internal image. ^ The mechanism of the Capri-Blue Effect
is not definitely known, although Tamura and Hada suggest that it has to
do with the state of aggregation of the dye on the surface of the silver -
halide grain. Their hypothesis is that the dyes in their aggregated
state will form a banded energy structure sufficient to provide mobility
for electrons. They contend that the dye aggregate will trap a surface
electron, permitting it to migrate through the aggregate to an Ag ion
where it then combines to form a silver particle.
The degree to which a given dye will desensitize is greatly dependent
on its structure. In general, dyes with greater electron affinities will
be the stronger desensitizers, and some dyes which do not ordinarily
desensitize to any great degree can be converted into strong desensitizers
by the addition of electronegative groups such as -Nf^. It has also
been shown that, in a given series of polymethine dyes, the desensitizing
12
action increases rapidly with increases in chain length.
As shown by
Stanienda,13
the cathodic polarographic half-wave
potentials of the dyes decrease continuously with increasing chain length
for a series of similarly structured vynologous dyes. The cathodic
half-wave potential was shown to decrease as the electron affinity of the
compound increases. ^
The above facts were recently placed on a firm experimental footing
by Tani who determined the "electronegativity" of excited dye molecules
polarographically. Tani compensated the vacuum electron affinities for
the emulsion environment and found that dyes with excited electro
negativities of less than 4.75 eV will mainly inject electrons into silver
bromide and that dyes with excited electronegativities greater than 4.75
eV will mainly inject holes into the grain (taking electrons from the
grain) .
There are several current theories concerning the mechanism of dye
desensitization. The theory with the most support is the Electron Trap
Hypothesis. The basic tenet of this hypothesis is that the adsorbed dyes
tend to act as shallow electron traps, competing with the surface trap
sites for the photolytic electrons. The dye-trapped photoelectrons must
then recombine in some manner, perhaps with holes or photolytic halogen.
Current data are not conclusive on the fate of these electrons, but work
by Saunders, Tyler, and West^ shows surface -adsorbed dyes readily trap
holes from the surface of Ag-X grains, which leaves conditions ideal for
recombination with trapped electrons.
Because the desensitization seems to be a function of the dyes in
their ground states,17 Tani and Kikuchi calculated the optically excited
energy levels of various dyes adsorbed on AgBr grains . They found that
for polymethine dyes, the energy of the first empty orbital lies very
close to the bottom of the AgBr conduction band, such that electron
transitions from grain to dye, as well as from dye to grain are possible.
In addition, as the chain length increased in a vynologous series, the
first empty orbital energy became progressively lower with respect to the
AgBr conduction band, thus facilitating the transfer of electrons from
grain to dye molecule. They also found that there was a good linear
relationship between the calculated values and those derived from
polarographic data.
Tamura and Hada showed a significant correlation between the
desensitization activity and the lowest vacant-energy level of various
series of dyes. Their working hypothesis concerning the aggregation




In further support of the Electron Trap Hypothesis, Saunders, Tyler
and West demonstrated positively that photoelectrons are trapped by
readily reduceable adsorbed dyes. A method was used whereby macrocrystals
of AgBr were exposed to pulsed light rays of selected wave lengths in
syncronism with an applied electric field to displace the photoelectrons.
Development was by means of graded etching of one surface of the crystal
to form a wedge shape, and then applying a surface
developer.20
In addition, Tamura and Hada reported that 3,3'-diethylthia-
tricarbocyanine in AgCl emulsions desensitized the printout effect,
which clearly indicated that the dye interfered with the distribution
of the photolytic electrons.
The second major hypothesis of the mechanism of dye desensitization
can be called the Oxidation Carrier Hypothesis, wherein it is suggested
that the dyes act as carriers for some type of oxidation either by
trapping surface holes and facilitating their recombination with mobile
electrons, or by carrying, in some unknown manner, an oxidizing agent
which attacks the latent image. Evidence that dyes do act as oxidation
carriers is provided by the increase in solarization caused by high
concentrations of sensitizing dyes as discovered by
Leermakers.22
Strong evidence of hole trapping by dyes was presented by Saunders,
Tyler, and West (ref. 16). Using their pulsed-field technique, they
demonstrated that the presence of certain dyes on the surface of AgBr
crystals inhibited the production of holes at or very near the surface
of the crystal.
Equally strong evidence of the importance of absorbed oxygen in
the emulsion to the desensitizing process appeared recently in a paper
by James, et.
al.,23
wherein they succeded in greatly reducing and
sometimes eliminating desensitization by placing a thinly coated emulsion
in a high vacuum (10"3 Torr) for periods of up to sixteen hours before
exposure in an oxygen- free atmosphere. It was possible to make
phenosaphranine, a very strong desensitizer, exhibit spectral sensitization
under these conditions.
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It was suggested that greater significance should be placed on the
fact that the polarographic anodic potentials also tend to decrease with
increasing chain length (ref. 13) in the same order as the increase in
desensitization, for the same vynologous series. It was further
suggested25
that the longer-chained dyes may accept a hole or react with
liberated photolytic halogen, become oxidized, and then accept a photo-
electron, thus eliminating it from the latent-image forming process.
Evidence of the reaction of the dyes with halogen was presented by
Natanson and Levkoev. They reacted several dyes with excess Br2 (6-10
moles/mole dye) and noted that at the lower halogen concentrations the
reactions appear reversible, with apparent partial regeneration of the
dye. For higher concentrations, the dyes are completely destroyed.
Early research by Sheppard, et. al., showed that sensitizing dyes
adsorbed on AgBr sols were bleached by exposure to light absorbed by
the dye approximately as fast as by exposure to light not absorbed by
z
the dye but absorbed by the halide. These results have been confirmed
27
by later work by Bourdon and Durante, working with sols stabilized in
28
PVA, and by Frieser and Eschrich. Additional work was done on the
reactivities of various sensitizing dyes to Bromine water by S. M. Soloviev,
but the experimental conditions used are not applicable to this study.
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Based on evidence of Chateau and Pouradier that the halogen
liberated during the exposure of an Iodobromide emulsion is Iodine,
Dr. B. H. Carroll suggested that some basic data concerning the reactivity
of a series of dyes to Iodine would be of great interest. It was there
fore decided to attempt to measure the redox potential, or polarographic
29
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anodic potential, of a series of thiacyanine dyes. The dyes were to be
reacted with sufficient Iodine to just form a stable intermediate, such
as a pi-complex or other compound. To measure the potential of the
intermediate was of more interest than measuring the potential of the
unreacted dye because, in the Hole Trap Hypothesis, the dye must react
first with some electrophyllic agent so as to prepare the dye for
acceptance of an electron. In order to simulate as closely as possible
the actual conditions existing inside an emulsion within the facilities
available, a preliminary experiment was to be performed, reacting the
dyes to the Iodine while adsorbed to a stabilized sol of AgBr. The
results of the experiment would be the determination of which dyes, if
any, would form a stable complex, and the determination of their relative
reactivities to Iodine.
In addition to the Iodine experiment, a parallel investigation of
the reactivity of this same series of dyes to aqueous Bromine was to be
conducted to provide a comparison to the Iodine and to allow comparison
to the work of Natanson and Levkoev.
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EXPERIMENTAL
In order to investigate the properties of the dyes while adsorbed
to the silver halide, it was necessary to generate a stable sol of the
Silver Bromide particles. I therefore mixed a sol of AgBr of approximately
0.01 moles/liter, leaving approximately 5-percent excess Bromide ion to
ensure that the pAg was best for long-term stability. The sol was mixed
by the
"glop"
method, whereby appropriate volumes of separate AgN03 and
KBr solutions were rapidly poured together into an empty beaker
containing a running magnetic stirring bar. The resulting sol was
stirred rapidly until a uniform mixture was obtained. All operations with
the AgBr sols were performed under OC or Wratten 2 safelight.
It was found that the first experimental sols were unstable, the
particles growing so that spectrophotometer traces taken ten minutes
apart were not repeatable. In order to force stability, the sols were
then digested at 50 C for one hour after mixing, which caused the crystals
to grow so that the sols appeared quite milky, instead of their original
faint turbidity. These digested sols were then diluted to 0.001 mole/
liter for transmittance tests. The sols showed evidence of considerable
instability until the pAg was adjusted to the point of best stability
(approximately 8.8), after which they were stable overnight.
To test the effects of the dyes on the sols, stock solutions of
25 mg/ liter methanol were made of the following dyes: 3,3'-diethylthiacya-
nine Bromide; 3,3'-diethylthiacarbocyanine Iodide;
3,3'-diethylthiadi-
carbocyanine Iodide; and 3,3'-diethylthiatricarbocyanine-PTS. Initial
12
tests were performed at a dye concentration of 250 mg of dye per mole of
AgBr, which was chosen to give a useable spectrophotometer trace of the
dyes.
When the dyes were added the sol lost its stability and grew
uncontrollably. The assumption is that the addition of the positive dye
ion, which adsorbs strongly to the AgBr surface, destroyed the stabilizing
layer of
Br"
ions surrounding the sol particles and promoted rapid
coalescence of the particles.
In an attempt to stabilize the sol, photographic gelatin (Rousselot
inert gelatin) was added to the mixture. The effort at stabilization
was successful, but it was found on further tests that the gelatin would
react with unknown quantities of Iodine, which would interfere with any
attempt at quantitative measurement of the reactivities of the dyes.
Investigation of the reactivities of the dyes in normal emulsions was
not tried for this same reason.
The above results forced the abandonment of the preliminary
objective, that is, to measure the reactivities of the dye series while
adsorbed to the Silver-Bromide sol. It was therefore decided to continue
with the investigation of the dye reactivities without the presence of
the halide.
The reactivity of the above mentioned dye
series to Iodine was
investigated in a 10-percent MeOH - H20 solution. This particular solvent
was chosen because the dyes are practically insoluble in pure H2O,
especially at concentrations which would make
them amenable to determin
ation by spectrophotometric means. In addition, it was important to
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consider that a solution of the dyes already existed in MeOH. It is
felt that the presence of the methanol, although not ideal, would not
seriously detract from the overall investigation.
The method of reaction was as follows. Ten milliliters of the
existing 25 milligram/liter stock solutions of dye were diluted with
100 milliliters H20 to form solutions of approximately 2.5 milligram/
liter dye in 10-percent MeOH-^O. This concentration was determined
experimentally as being most convenient with regards to the spectro
photometer. An initial Iodine stock solution was made at 5.0 gram/
liter in methanol, 1 milliliter of which was diluted with water to make
500 milliliters which formed a solution of 0.01 gram/liter Iodine. This
solution was then titrated before use, and replaced by fresh stock as
necessary. The results of the daily titrations were used to calculate
the exact volume of 0.01 gram/liter Iodine solution needed to form various
molar equivalent ratios with the 2.5 milligram/liter dye solutions. After
the correct amounts of reagents had been determined, the dye solution
was placed in a 250 milliliter beaker with a teflon stirring bar, and
stirred rapidly while the required volume of reagent was run in with a
Mohr pipette. Care was taken to ensure that the stirring, did not entrap
air bubbles, for fear of possible aerial oxidation. All reactions were
run at room temperature.
All measurements were made on a Bausch and Lomb Spectronic 505
spectrophotometer operating in transmission mode, except for measurements
on the tricarbocyanine. The tungsten source was used, with slits set at
5 mils. All samples were run in standard 10 mm Pyrex cuvettes, with
the reference beam containing 10-percent Me0H-H20 for the Iodine reactions,
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and 2-percent pyridine-H20 for the Bromine reactions. It was found that
the dyes adsorbed to the cuvette walls quite readily, and that unreliable
results were obtained unless the sample cell was rinsed with MeOH to
remove any remaining dye between runs.
While investigating the
dyes'
reactivity to Bromine, it was dis
covered that the MeOH reacts fast enough with the aqueous Bromine to
render the results unreliable. Solutions of the dyes were then mixed in
2-percent pyridine-H20. Experiments indicated that the pyridine and the
Bromine did not react at a measurable rate at room temperature, and that
the new solvent mixture would not significantly affect the reactivity of
the dyes to Iodine.
The experimental procedure with respect to the Bromine investigation
was essentially the same as that for Iodine, with special emphasis on
the titration of the Bromine water immediately prior to use.
Because the Bromine water was known to be acid, and because the dyes
were known to be affected by pH, the dicarbo- and
tricarbo- members of
the series were titrated against dilute HCl. The dicarbo- dye
decolorized at a pH of approximately 4.5, and the tricarbo dye changed to
pale green at pH 4.0. The pH of the reacting-dye solutions was monitored
both before and after the reactions with Bromine. In all cases the
unreacted pH was approximately 8.2, and the reacted pH was approximately
7.7. It was concluded that, because the decolorization of the dyes by
acid was apparently a threshold effect, the pH of the reacting
solutions
did not significantly affect the results.
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In order to determine whether the post-reaction spectrophotometer
traces represented single species or a group of reaction products, as
suggested by the traces, samples of reacted and unreacted carbo- and
dicarbo- dyes were tested by Thin- layer Chromatography. In this test,
10X spots were placed on a prepared Eastman unactivated Alumina TLC strip,
which was then developed with Acetonitrile in an Eastman TLC developing
apparatus which maintained a saturated atmosphere above the strip




As a prelude to presenting the specific results, the following
general results are presented. First, no stable intermediates were
observed during the course of the investigation. Apparently, the energy
levels of the reaction on a molecular level permit immediate reactions
without metastable states.
Due to the lack of a stable intermediate, no polarographic invest
igation as outlined in the original objectives (cf. Introduction) was
possible, and the primary objective was abandoned. It was decided to
continue the investigation of the relative reactivities of the dyes
to Iodine and Bromine (in the aqueous-pyridine solution) in order to
salvage some useful information from the experiment.
In the following discussion, reference is made to the amount of
halogen reacted with the dyes as being of a certain "equivalent ratio".
This should be interpreted as meaning the ratio of atoms of halogen
to molecules of dye.
Specific Dyes
The dye 3,3'-diethylthiacyanine Bromide reacts very slowly with
Iodine. Reactions under the conditions described above with a 2:1
equivalent ratio took approximately two hours to come to completion
(Figure 1). This dye, however, exhibited a high reactivity to Bromine,
rapidly forming a new compound.
17
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The dye 3,3'-diethylthiacarbocyanine Iodide reacts slowly with
Iodine, taking approximately 20 minutes to complete when reacted with
a 2:1 equivalent ratio of Iodine. The dye was bleached without evidence
of significant spectral shift during the reaction (Figure 2) . Addition
of thiosulfate more than equivalent to the Iodine originally added
produced no significant regeneration, as indicated in the trace. This
dye reacts with Bromine in a similar manner as with Iodine. For a 2:1
equivalent ratio Bromine dye, there is no evidence that the rate of
reaction or the amount of reagents consumed were different from the
equivalent reactions with Iodine (Figure 3) .
The dye 3, 3'-diethylthiadicarbocyanine Iodide reacts rapidly with
Iodine, taking from 3 to 5 seconds to complete after addition of a 2:1
equivalent ratio of Iodine to the dye solution (Figure 4) . Separate
reactions with increasing Iodine equivalent ratios, starting with 1:1,
show decreasing final absorbance with a correspondingly increasing shift
of the absorbtion maximum to shorter wavelengths. When reacting with
1.5 equivalent ratio Iodine or greater- the solution will turn gray for
a few seconds, and return to a pale cyan after stirring for approximately
1 minute. Addition of thiosulfate more than equivalent to the amount of
Iodine originally added produced an increase in transmission with an
approximate 5 nm shift to longer wavelengths.
The dicarbocyanine reacts rapidly with Bromine, the rate being the
same as for Iodine under similar conditions. The spectral absorbance
showed a similar shift, approximately 10 nm, for a 2:1 equivalent ratio
of Bromine, but the reaction did not exhibit the gray intermediate stage
with return of color as it did with Iodine (see Figure 5) . The total
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change in absorbtion was significantly less with Bromine that it was
with Iodine. A 3:1 equivalent ratio of Bromine to dye completely reacted
the dye, with no evidence of return of color and a neutral sludge
remaining.
Thin- layer chromatography was performed on both unreacted and
reacted samples of the dicarbo dye (reacted with Iodine 2:1). The
reacted spot showed a definite elongation, and the unreacted spot remained
very well defined and cohesive. This fact indicates that there was at
least one other compound present in the reacted solution, but that its
structure was similar to the parent dye.
The dye 3,3'-diethylthiatricarbocyanine PTS presented a singular
problem in measurement, because its peak absorbtion lies at approximately
750 nm. Therefore, the spectrophotometer traces were run on a Perkin-
Elmer 450 Wide-Range Spectrophotometer. When reacted with Iodine, the
rate was so fast that it could not be measured by normal techniques.
Flow methods will be required for accurate measures. When the dye was
reacted with 0.5 equivalents Iodine, it decolorized to a neutral sludge
with no evidence of return. Reaction with 1 equivalent of Iodine
produced a rapid decolorization, but the dye seemed to partially return
after 5 minutes. This dye also showed great sensitivity to ultraviolet
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It is obvious from the results that the relative reactivities of
the dyes for the two halogens involved increase by orders of magnitude
with increasing chain length. The only exception to this result is the
simple cyanine when reacted with Bromine, where the rate is almost
equivalent to that of the dicarbocyanine for Iodine. Mr. Donald Heseltine
of the Kodak Research Laboratories has indicated that the rapid reaction
with Bromine is well known, and that the halogen is added to the carbon
in the central chain. The increase of reactivity with chain length is
to be expected, since the stability of the chain structure decreases
with increasing chain length. This relationship of the reactivities
also correlates well with the decrease in polarographic anodic potential
with increasing chain length (ref. 13), which indicates that there is
an increase of electron donating ability with increasing chain length.
However, in the case of the Tricarbocyanine, the fact that the dye
can be completely destroyed by less than one equivalent implies that
other mechanisms besides change in electron affinity are active. A
possible explanation is that the presence of the halogen triggers a
chain reaction, perhaps providing the energetic stimulus for
oxidation
of the dye. It is possible that the mechanism involving Oxygen in the
emulsion which was described in
James'
paper applies here.
The reactions show no evidence of an equilibrium being formed
with the halogen. The addition of thiosulfate in excess of the added
halogen should have eliminated any halogen present in equilibrium with
the dye and regenerated the dye, if the reaction were of such a nature.
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Since no such effect was observed, one must conclude that the reaction
with the halogen is of a permanent nature, and those molecules. of dye
which react cannot be regenerated under these conditions.
The spectral shift of the dicarbo dye is very intriguing, especially
when reacting with Iodine where the solution approximately decolorizes
and then returns. Definite evidence of a colored reaction product is
provided by the Thin-Layer Chromatography, and it is certain that this
new species is causing the shift. Since the dye was in a dilute enough
solution to follow Beer's law, it was decided to attempt to generate a
possible transmission curve for the new species by converting the
unreacted dicarbo curve to density -t dividing it by a constant proportional
to the amount of Iodine added, and subtracting it from the density curve
of the reacted solution. This operation was performed for equivalent
ratios of 1:1, 1.5:1 and 2:1. The curve generated for the 2:1 case is
shown in Figure 7.
As can be seen, a definite absorbtion peak appears at approximately
635 nm, which corresponds well to the peak observed on the curve of the
reacted solution.
The exact mechanism of the reaction which would produce this new
species is not obvious from the data. The fact that two equivalents of
halogen are required for a fairly complete reaction implies that two
atoms of halogen participate in the reaction. It is well known that
molecular halogen will add to double bonds, and the chain of the
dicarbocyanine forms, in part, a conjugated diene. With this type of











where the halogens attach to adjacent carbons, and (2) 1,4-addition,
where the carbons to which the halogens are attached are separated by a
methene group. During the reaction, it is possible for both types of
addition to occur, and which one predominates is a function, in part, of
relative energies and steric hindrance problems. So, in the final
solution we may have a combination of 1,2- and 1,4-dihalo addition
products, which possess the same basic skeleton as the original dyes,
but lack the long conjugated resonant chain.
The problem remains of how this colorless reaction product is
reconverted to a colored dye of very similar absorbtion characteristics
as the parent dye. Mr. Heseltine suggests that a hydrolysis of the
halogen followed by a rearrangement of some sort will regenerate the
chromophoric chain. Another possibility is that dehydrohalogenation of
one of the halogens occurs, with subsequent rearrangement of a hydrogen
in the 1,4-case. This will leave the conjugated chain regenerated,
with one of the original hydrogen positions occupied by a halogen. This
fact would explain the spectral shift to shorter wavelengths, because
the presence of the very electronegative halogen decreases the resonance
stabilization of the chromophoric chain. Such a dehydrohalogenation is
energetically encouraged by the fact that at least one halogen is in an
allylic position, and is especially susceptible to attack.
The fact that addition of thiosulfate in excess of the Iodine
originally added produced a loss of absorbtion and a partial shift back
towards the absorbtion characteristics of the parent dicarbo dye indicates
that the unreacted Iodine in the solution is probably in equilibrium
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with the colored reaction product. It is possible that the dehydro
halogenation or hydrolysis mentioned above would form an equilibrium
with the Iodine because of the high reactivity of the sites on the chain.
It must be remembered that the above discussion concerning the
reaction mechanism is purely conjecture on the part of the author and
others and that no experimental proof exists of any specific mechanism.
Due to the work of James, et.al., (ref. 6), concerning the effects
of oxygen on the desensitization process, it was thought that evidence
concerning the effect on dissolved oxygen in the dye solution on the
reaction would be useful. Therefore, a sample of the dicarbo dye was
reacted with a 2:1 ratio of Iodine in the usual manner, except that the
dye solution was first bubbled with Nitrogen for ^-hour prior to the
reaction. The amount of dissolved oxygen which should be present in the
solution at standard atmospheric pressure was calculated, and found to
be in great molar excess over the amount of dye present. If oxygen was
a factor in the reaction, then bubbling with nitrogen should have had a
significant effect. No such effect was observed.
It is interesting to compare the results of Natanson and Levkoev
to the results obtained in this study. They reacted
3,3'-diethylthia-
carbocyanine PTS in ethanol-chloroform 1:2 with 6 gram-atoms of Bromine
per mole of dye, which reacted to a more deeply colored species, and
then regenerated approximately 75-percent after 24 hours. They found
that amounts in excess of 10 gram-atoms of Bromine were necessary to
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irreversably destroy the dye. This study found that amounts of 2 gram-
atoms of Bromine per mole of dye sufficient to eliminate approximately
half of the dye, and that no evidence of spectral shift or of regeneration
was noted. The regeneration shown by Natanson and Levkoev may be a
result of the high relative concentration of Bromine used, along with
the solvent conditions present. Also, the halogen/dye ratio used by
them would not occur in a normal exposure, since there are usually
several thousand dye molecules adsorbed to a grain which will only
produce on the order of ten atoms of halogen during such an exposure.
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EXPERIMENTAL ERROR
In order to arrive at an estimate of the overall experimental
error, replicate runs of the dicarbo dye were made reacting it to
varying amounts of Iodine. The change in peak transmission and change
in peak absorbtion wavelength were measured from the spectrophotometer
traces, and processed through a one factor, twice replicated ANOVA
scheme. The best estimate of overall experimental error can be had









1. There was no evidence of a stable intermediate under these
experimental conditions. Therefore, measurement of the
polarographic redox potential of the first addition product
for the dyes was impossible.
2. The reactivities of the carbocyanine and dicarbocyanine dyes
to Iodine are at least as great as their respective reactivities
to Bromine.
3. The reactivity of the dye series to both halogens increases
with increasing chain length by orders of magnitude, and
decreases with increasing polarographic anodic potential,
with the exception of the simple cyanine's reactivity to
Bromine .
4. There is no evidence that the reaction of these dyes to
Bromine or Iodine involves an equilibrium, and no evidence
that the reaction is reversible.
33
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